Synchronous neuronal firing can be induced in hippocampal slices in the absence of synaptic transmission by lowering extracellular Ca 
the role of KCNQ/Kv7 channels in regulating this form of non-synaptic bursting activity. Incubation of rat hippocampal slices in reduced (<0.2 mM) [Ca 2+ ] O and increased (6.3 mM) [K + ] O , blocked synaptic transmission, increased neuronal firing, and led to the development of spontaneous periodic non-synaptic epileptiform activity. This activity was recorded extracellularly as large (4.7 ± 1.9 mV) depolarising envelopes with superimposed high frequency synchronous population spikes. These intraburst population spikes initially occurred at a high frequency (~120 Hz) which decayed throughout the burst stabilising in the gamma frequency band . Further increasing
The M-current (I M ) is a voltage-sensitive slowly activating and non-inactivating K + conductance. I M was first described as a current suppressed by muscarinic acetylcholine receptor (mAChR) activation in bullfrog sympathetic ganglia (Brown and Adams 1980) , and has since been described in a wide range of mammalian neuronal tissue including hippocampal (Halliwell and Adams 1982; Selyanko and Sim 1998) and cortical neurones (Otto et al. 2002) . The channels which mediated I M are thought to be members of the Kv7 K + channel family (also known as KCNQ channels) (Wang et al. 1998 ), comprising Kv7.1 to Kv7.5 (Robbins 2001) . In peripheral sympathetic neurones, M-channels are thought to be composed of heteromeric assemblies of Kv7.2 and Kv7.3 subunits (Wang et al. 1998) , whilst in hippocampal neurones, Kv7.5 is also thought to contribute to I M (Shah et al. 2002) .
I M is critically important for controlling neuronal excitability, since it is active at membrane potentials close to the physiological resting potential of many CNS neurones (Brown and Adams 1980; Halliwell and Adams 1982; Storm 1988) .
For instance, in hippocampal CA1 pyramidal neurones, I M has been shown to play a role in spike frequency adaptation (Otto et al. 2002; Yue and Yaari 2004; Gu et al. 2005; Peters et al. 2005) , medium afterhyperpolarisation (Gu et al. 2005; Peters et al. 2005) , afterdepolarisation (Yue and Yaari 2004) and theta frequency band membrane resonance (Hu et al. 2002; Peters et al. 2005) . Furthermore, in the hippocampus, I M is modulated by the activity of a range of postsynaptic receptors (Marrion 1997) 
Materials and Methods

Preparation of hippocampal slices.
Male hooded Lister rats were sacrificed by overdose of isoflurane followed by cervical dislocation, in accordance with UK Home Office regulations. The brains were rapidly removed, mounted on a steel plate and 400 Km thick sections of whole brain were made using a vibroslicer (Leica Microsystems, Milton Keynes, UK Abolition of synaptic transmission was confirmed by monitoring the amplitude of the excitatory synaptic potential. Signals were amplified 1000 times using an AxoClamp-2A amplifier (Molecular Devices, Union City, CA) in series with a secondary amplifier (Brownlee Precision Instruments, San Jose, CA).
Signals were lowpass filtered at 2 kHz, then digitised at 5 kHz, captured using Clampex 9.2 software (Molecular Devices) and stored on a PC hard disk for off-line analysis. Any further filtering was performed digitally off-line. The bursts parameters measured were: 1) the interburst frequency defined as the inverse of the time elapsed between the beginning of two consecutives bursts;
2) the burst duration defined as the time for the voltage during a burst to return to the baseline level; 3) the burst amplitude, defined as the peak amplitude of the depolarisation shift after low-pass filtering (1 Hz) to eliminate the population spikes superimposed on the bursts. Autocorrelagrams and fast Fourier transforms were generated using Clampfit 9.2 software (Molecular Devices) and spectrographs were subsequently created in Origin 7.5 (OriginLab Corporation, Northampton, MA). Pooled data was expressed as mean ± S.E.M. and n values refer to the number of times an experiment was performed each in a different slice.
Drugs
All compounds were made to the required concentration in aCSF and applied to the slice via the perfusion system. Retigabine was synthesised by the 
Results
In order to study the role of non-synaptic mechanisms involved in synchronising neuronal activity it is useful to isolate synaptically connected neurones. Removal of extracellular Ca ] O (6.4 mM) for at least 1 hour produced bursting activity similar to that described previously ( Figure 1A ). The bursts occurred every 10-30 s (mean interburst interval 18.8 ± 1.1 s; n=13). Each burst comprised a negative shift in the field potential (4.7 ± 0.5 mV in amplitude; n=13) lasting between 2 and 10 s (mean duration 4.2 ± 1.2 ms; n=13). Superimposed on the depolarising potential were large population spikes representing the synchronous firing of multiple neurones. Power spectrum analysis of this firing activity revealed a peak in the low gamma frequency band range (28.7 ± 1.1 Hz; n=13) with additional peaks at high frequencies ( Figure 1C ). An instantaneous frequency plot of the inter-spike interval of a representative burst, showed that during the initial stage of the burst inter-spike frequency reasoned that in hippocampal neurones, retigabine was acting as a channel opener (Gu et al. 2005) . To confirm this, we co-applied the Kv7 channel blocker XE991 (10 µM), following the abolition of bursting activity by retigabine. This reliably caused the reappearance of the depolarising shifts characteristic of the non-synaptic bursting activity (n=3; Figure 2) . Interestingly, however, the bursts appeared qualitatively different from those observed under control conditions. Specifically, the bursts appeared to be longer in duration and the population spike firing activity appeared to be substantially altered. In an attempt to quantitatively assess these effects a separate set of experiments were performed using the Kv7 channel blockers XE991 and linopirdine. Both XE991 and linopirdine have been shown to block Kv7 current in recombinant systems (Wang et al. 1998; Wang et al. 2000) and hippocampal neuones (Shah et al. 2002; Hu et al. 2002) . Following the appearance of stable bursting activity induced by the low Ca 2+ /high K + solution, either linopirdine or XE991 (both at a concentration of 10 µM) were added to the perfusion medium. Addition of either of these compounds significantly increased the mean duration of the depolarising envelope (linopirdine 35 ± 6% increase; XE991 108 ± 6 % increase; Figures 3A-B ; n=5, P<0.05). Furthermore, with respect to linopirdine a small, but significant, increase in the interburst frequency was observed, such that the inter-burst interval decreased from 22.4 ± 1.2 s to 17.8 ± 1.7 s (P<0.05, n=5). However, following application of XE991 no significant change in the interburst frequency was observed (control IBI, 17.9 ± 0.9 s; XE991 IBI, 16.5 ± 1.8 s; P>0.05). Furthermore, no change in the mean amplitude of the negative field potential deflection was detected, once the fast population spike activity had been filtered with a low pass filter at <1 Hz. Thus, the mean filtered amplitude under control conditions was 4.7 ± 0.5 mV (n=13), whilst following application of either linopirdine or XE991 the mean amplitudes were 5.7 ± 1.1 mV (n=5, P>0.05) and 5.2 ±0.8 mV (n=5, P>0.05), respectively ( Figures 3A-B 12 The M-current plays a fundamental role in regulating neuronal firing. It follows, therefore, that pharmacological blockade of Kv7 channels may modulate the synchronous firing of populations of neurones that is observed in this non-synaptic form bursting activity. To examine this, the extracellular recordings were subjected to a digital high pass filter set at 5 Hz, in order to remove the large slow negative field potential deflections, characteristic of this form of activity, and, therefore, isolate the fast oscillatory activity.
Spectrographic analysis of individual bursts revealed high frequency (<100 Hz) population spike activity in the initial portion of the burst which decayed to lower gamma frequency (30-80 Hz) activity in the latter portion of the burst ( Figure 4A-B) . This data is consistent with the instantaneous frequency analysis performed above (Figure 1 ). An cursory inspection of the extracellular traces revealed that bath application of either linopirdine or XE991 (10 KM) largely abolished the oscillatory activity, with the exception of the activity at the very beginning of the burst ( Figure 4A-B) . The spectrographic analysis suggested that the oscillatory activity that was insensitive to Kv7 channel blockade occurred at frequencies above 100 Hz, whilst gamma frequency population spike activity was undetectable.
Autocorrelograms of the first 150 ms of the burst under control conditions revealed the activity was rhythmic in nature with a mean lag to first peak of 8.1 ± 0.3 ms (n=10), equating to a frequency of 129 ± 6 Hz ( Figure 4C-D) .
Following Kv7 channel blockade the frequency of the activity in the first 150 ms of the burst was unchanged. Thus, the mean lag times in the presence of linopirdine or XE991 were 7.6 ± 0.8 ms (141 ± 17 Hz; n=5, P>0.05) and 8.7 ± 0.2 ms (117 ± 4 Hz; n=5, P>0.05), respectively ( Figure 4C-D Traces were digitally high pass filtered at 5 Hz to removed the slow negative potential and a spectrographic analysis performed. The control spectrographs show an initial peak at > 100 Hz, which rapidly decays into the gamma frequency band. In the presence of Kv7 channel blockers, the gamma frequency activity is abolished, but a high frequency hot spot remains at the very beginning of the burst. 
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